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DECLARATION OF JEFFREY A. READ OF PRIOR INVENTION IN THE UNITED 
STATES TO OVERCOME A CITED REFERENCE UNDER 37 CFR §1,131 

I, Jeffrey A. Read, declare as follows: 

1. I am the sole inventor of the invention disclosed in the above- identified 
application for patent. 

2. This declaration is to establish completion of the invention being claimed in the 
above-referenced application in the United States at a date prior to October 5, 2001, which is the 
effective date of U.S. Patent Application Publication US 2004/0091774 Al (Narang, et al) that 
was cited in the Final Office Action, mailed August 30, 2006. 

3. I understand that pending claims 13-17 of the pending application have been 

r. 

rejected under 35 U.S.C. § 102(e) as being anticipated by U.S. Patent Application Publication US 
2004/0091774 Al (Narang, et al). I further understand that while U.S. Patent Application 
Publication US 2004/0091774 Al (Narang, et al.) was Filed on 4 October 2002, it claims priority 
to U.S. Provisional Application Number 60/327,468, which was Filed on 5 October 2001. 
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4. I state that I have worked extensively in the area lithium-ion and lithium-air 
batteries for over 7 years in my current position within the Sensors and Electron Devices 
Directorate, Directed Energy Branch, Army Research Laboratory (ARL). I believe my invention 
was reduced to practice prior to the filing date of Narang, et al, on 5 October 200 L As evidence 
of my reduction to practice prior to 5 October 2001, attached at Appendix A is a copy of the 
Invention Disclosure submitted to the ARL Legal office on 2 May 200L As further evidence of 
my reduction to practice I am submitting copies of pages 89, 91-95, 97-98, and 100 of notebook 
number 3 (No. 8830) and pages 1-8, 1 1-28, and 32-34 of notebook number 4 (No^. 8115), which 
are attached as Exhibit B. 

5. I state that the above-referenced application was filed on my behalf on July 29, 
2003, and that I had no control over the processing, and Filing of the Application, which was 
under the control of the ARL Legal Office and the Center for Patent Prosecution Excellence at 
Headquarters, U.S. Army Materiel Command (AMC), Fort Belvoir, Virginia, after I submitted 
the Invention disclosure to the Legal Office. I exercised due diligence in submitting an invention 
disclosure and causing the above-referenced patent application to be filed, and, to the best of my 
knowledge, due diligence was exercised by the Legal Office, Headquarters AMC, and the law 
firm contracted with to prepare a Draft Patent Application for submission to Headquarters AMC 
for review and Filing, 

7. I declare that all statements made herein of my own knowledge are true and that 
all statements made on information and belief are believed to be true. These statements are made 

o 

with the knowledge that willful false statements and the like so made are punishable by fine or 
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imprisonment, or both, under Section 1001 of Title 18 of the United States Code, and that such 
\yillful false statements may jeopardize the validity of the application or any patent issuing 
thereon. 



/s/Jeffrev A. Read Dat e: 02/28/2007 

Jeffrey A. Read 



o 
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Army Research Laboratory Invention Disclosure 

Instructions: Complete the below items, print a hard copy, sign, date, and 
send to the Intellectual Property Law Division of ARL (AIISRL-CS-CC-IP) 
(301-394-3790) (301-394-3972 FAX) 



INVENTION TITLE: Electrolytes for Lithium-Air Cell 



INVENTORS: • - : ' . ' " ' ' " ' - 

1st Name: Jeffrey A. Read 
Street Address: 14001 Coopers Lane 
City: West Friendship 
State: MD 
Zip: 21794 

2nd Name: 
Street Address: 
City: 
State: 
Zip: 

3rd Name: 
Street Address: 
City: 
State: 
Zip: 

4th Name: 

Street Address: - ' " . ... 

City: ' • : J. , --^'^^ • 

State: 

Zip: . ^ 

INVENTION HISTORY: 

a) DATE of Conception of the Invention: March- 27, 2001 

b) PLACE: Army Research Center, Adelphi Laboratory Center, Adelphi, MD 

c) DATE of First Sketch/Drawing: 

d) PLACE: , 

e) DATE of First Written Description of Invention: ^March. 30, - 2001 . .^ 

f) PLACE: Army Research Center, Adelphi Laboratory, Center, Adelphi,.. MD^^^^ 

g) DATE of First Disclosure to-Others: April 27,- 2001 ,r ' 

h) PLACE: Army Research Center, Adelphi Laboratory Center, Adelphi, MD - ^' = 

i) DATE of Completion of Model (if any) : 

j) PLACE: • . . - 

k) DATE of Completion of Full Scale Item: April 5, 2001 , i -ii.^- 

1) PLACE: Array Research Center, Adelphi Laboratory Center, Adelphi'^^-MD / ";>T?^" 
m) DATE of First Test of Invention: April 9, 2001 ; "'i*^'' " ' • '^^r! 

n) PLACE: Army Research Center, Adelphi Laboratory Center, Adelphi'V MD 
o) RESULTS of First Test: IM LiPF^ EC:DMC > IM LiPFe y-Butyrolactone > IM LiPFg / 

Propylene Carbonate 



LIST INDIVIDUALS HAVING FIRST HAND KNOWLEDGE OF THE INVENTION HISTORY- 

List their names, address and the features of the invention they have 

knowledge of 

a) 

b) 

c) 

d) 

LABORATORY NOTEBOOK DATA: 

List the lab notebook number and pages where the invention is described 
Notebook #3 (No. 8830), p. 89, 91-95, 97-98, 100. 
Notebook #4 (No. 8115), p. 1-8, 11-28, 32-34. 

PUBLICATION OF THE INVENTION: 

If a description of the invention has been published, list the type of 
publication and the dates. Also, identify any further planned reports or 
publications. If none, so state. Hone - . , 

LIST ANY KNOWI* RELATED PATENTS, PUBLICATIONS or PATENT APPLICATiONS • 
Also identify any previous reports, drawings, publications, or 
correspondence describing or showing the, invention. List any known- closely 

related patents,^patent applications, .reports'; E)ublicatioiis, -devices, or 
methods. If none, so state. . . 

• K.M. Abraham and Z. Jiang, US Patent 5^.510,209 ; -. • ... .-• ■;i:■ 

• K.M. Abrahain and Z. Jiang, J. Electj:och&m. Soc., 143- (1996) li.l 

IS AN EMBODIMENT OF THE INVENTION AVAILABLE FOR iNSPECTION-> Yes 
^If so, where? Army Research Center, Adelphi Laboratory Center, Adelphi, MD 

NATURE AND EXTENT OF PAST USE, PRESENT USE, AND FUTURE' USE: . . 
Past : Hone 

Present: Laboratory' Cells . :■ 

Future: Batteries for Military and Commercial Applications 
DESCRIPTION OF THE INVENTION: 

Provide the following information concerning the disclosed invention and in 
tne indicated sequence: 

A. Specifically describe the invention and its operation. You niay dse and 
ll^^u sketches, prints, photographs, paper, and illustrations, 

which should be signed, witnessed and dated. Use numbers and descriptive: 
names m descriptions and drawings. F6r inventions that are methods: list ' 
the steps involved in the method. For inventions that are apparatuk-'? • ■"• ^ 
describe all the elements. 

The invention is a series of electrolytes and electrolyte solvents used' in. an 
electrochemical cell where the cathode has access to oxygen f romVthe-^adr- or' . 
other source Aaditionally, the invention is a method of ■choosin'g^ eleWroiytes 
and electrolyte solvents used in an electrochemical cell where the cathode has 
access to oxygen from the air or other source. ' ' " 

Propylene carbonate (PC), ybutyrolactone (g-BL) , ethylene carbonate (EC) , dimethvl 
carbonate (DMC) , 1, 2-dimethoxyethane (DME) , • tetrahydrof uran (THF) , and 
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tetrahyropyran (THP) were used individually or in combination to prepare 
electrolyte mixtures with LiPFg salt. Figure 1 compares the voltage versus 
capacity curves of lithium-air cells at O.ZmA/cm^ with IM LiPFg electrolytes 
made from these of solvents- Figure 2 compares^ the specific capacity of a series 
of lithium-air cells at 0.05, 0.2 and l.OmA/cm^ with this same series of 
electrolytes . 

From figures 1 and 2 it can be observed that the discharge capacity and rate 
capability of the lithium air cell is directly related to the electrolyte used. 
By cornparing the solubility of oxygen in these solvent mixtures 

PC:THF = PC: THP > g-BL > PC 

to the discharge capacity and rate capability of the lithium air cells 

PC:THF > PC: THP > g-BL > PC 

it is observed that the ability of the electrolyte to dissolve oxygen is 
directly related to the performance of the lithium air cell. The solubility of 
oxygen in EC:DMC and PC:DME is not known at this time. Higher oxygen solubility 
leads to higher discharge capacity and rate capability. By choosing solvents and 
salts that improve the solubility of oxygen in the electrolyte, the capacity, and' 
rate capability of the lithium-air cell can be improved. The solvents and salts 
that can be chosen are not limited to the. ones mentioned in this disclosure but 
could include solvents such as perf luorobutylperf luorotetrahydrofuran (FC-80) 
which is known to have high oxygen solubility. Various salts and additives could, 
also be used to improve oxygen solubility. 

The lithium-air cell operates based on the principle that the air cathode 
(composed of a catalytic material such as' a carbon black: Super P, Vulcan XC-72, 
or Acetylene Black; or other catalytic material such as Mn02) , reduces oxygen 
from the air in an organic electrolyte based electrochemical c^ll . The catalytic 
material in the air electrode reduces O2 to Oz'^ or O"^- The reduced . oxygen then 
reacts with lithium to form LizOz or LizO that deposits on the surface and in the 
pores of the air electrode. The operating voltage for such a cell is 2.0-2.8V, 
while the open circuit voltage is 2.85V. The catalytic material provides 
numerous sites for the deposition of LiaOz or LizO due to a large .surf ace area. , 

B. State the advantages of the invention over presently known devices, 
systems or processes. Also discuss /provide a background "of the prior art. 

Metal-Air batteries using aqueous electrolytes are well known with Iron/air, 
Zinc/air and -Aluminum/ air being the most studied. The , zinq/air battery has been 
commercialized for hearing aid devices and pagers. Abraham and^Jiang^'^ recently 
described a lithium-air battery using organic electrolyte. This battery utilizes 
a carbon cathode (graphite, acetylene black) that reduces ' oxygen - to form LisOz ■ 
or hizO as described above. 

The lithium-air cell operates based on the principle that the air cathode 
(composed of a catalytic material such as a carbon black: Super P, Vulcan XC-72, 
or Acetylene Black; or other catalytic material such as MnOa) r reduces oxygen 
from the air in an organic electrolyte based electrochemical cell-. The catalytic 
material in the air electrode reduces O2 to O?"^ or O"^ The reduced oxygen then 
reacts with lithium to form Li202 or LizO that deposits on the* surface and in the 
pores of the air electrode. The operating voltage for such a cell is 2.0-2. 8V^ 



while the open circuit voltage is 2.85V. The catalytic material provides 
numerous sxtes for the deposition of Li^O^ or Li,0 dGe to a large JirScI area. 
The advantage of this invention over presently known devices is that the 
cSoS o/^? rate capability of the presently known devices can be improved by 
ratf K J f !^ ^""^ electrolyte solvents. The discharge capacity and 

^o di!!o? dxrectly related to the ability of the electrolyte Llvent 

to dissolve oxygen By properly choosing the electrolyte solvents from the Us t 
above or from any list of solvents known to be stable in an organic electrolv^e 

?ithiui'af"""i^' ""'i' discharge capacity and rate capabiLtJ of the ^ 

lithium air cell can be improved. 

C. Discuss the problems which the invention is designed to solve, 
^aS^Iar^ ^"''^ ^"""^ invention of a similar nature with which you may be 

nor^iH^!"H^°" designed to solve the problem of providing more energy to 

of anv Lf'^r^J* Storing more capacity in less weight is a desirable^property 

ca^a^cItHnf be^^^^^^ — — ^ P-idi^g Lre^ 



D. List all known and other possible uses for the invention. Hone 

E. List the features of the invention that are believed to be novel. 

rat/™Mr/''°f?r ^ '^"^^ °^ electrolytes that improve the capacity and 
rate capability of the organic electrolyte based lithium air cell. 

S^^i^T''*'^!" provides a method of choosing electrolytes that improve the 
c^paciry and rate capability of the organic electrolyte based llLium air 

SIGNATURE OF ALL INVENTORS: 

All inventors must sign and date this document. , 



SIGNATURE: 



ORGANIZATION 




DATE: 05 



SIGNATURE: 



ORGANIZATION: 



SIGNATURE: 



ORGANIZATION:, 



DATE: 



DATE: 



RIGHTS IN INVENTIONS MADE BY GOVERNMENT EMPLOYEES 

The Government shall" obtain the entire domestic right, .title and interest 
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in and to any invention made by any Government employee: 

a) During working hours, or 

b) With a contribution by the Government of facilities, equipment, 
materials, funds or information, or of time or services of other Government 
employees on official duty, or . - 

c) Which bears a direct relation to or is made in consequence of the 
official duties of the inventor. 

When you report your invention to the Intellectual Property Law Branch, you 
will be asked to sign a statement that you have read Executive Order 10096, 
37 CFR 501, and AR 27-60 which discuss rights in inventions and the appeal 
process. You will also be asked to sign DA FORM 2871-R entitled Invention 
Right Questionnaire in which you will indicate either a desire to assign 
the invention to the Government, or to ask for a rights determination. (A 
short version of this form is* available on the legal office web site) 



□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□^□□□□□□□□□□□□□□□□□□□pQQQQ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□QQQgQQggQgQQ 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□gQPggPQQPnnn 

□□□□□□□□□□□□□□□□□ V \ 



^ KM Abraham and Z. Jiang, J. Electrochem. Soc., l43 (1996) 1 
^ US Patent 5,510,209 
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